Spectrum unfolding technology is a vital process of airborne gamma-ray spectrometry survey system. Due to the Compton scattering effect, the small angle scattering of gamma ray, environmental radionuclide, electronic noise, cosmic rays, etc., background subtraction is considered as one of the most complicated research field in the spectrum unfolding technology. The sensitive nonlinear iterative peak (SNIP) algorithm is widely implemented because of its simple mathematic structure and reliable background subtraction effect. However, the convergence speed of the iterative process in the second step slow down the running time. In view of this, the SNIP iteration in the original algorithm is replaced by the Simpson formula with higher algebraic accuracy. Compared with the original SNIP algorithm, the improved algorithm has fewer iterations and higher accuracy.
Introduction
Airborne gamma-ray spectrometry (AGS) survey refers to the airborne gamma spectrometer system installed on airplanes, airships or other aircraft to measure the energy spectrum content of radioactive uranium, thorium, potassium and other nuclides. It can also be applied to the survey of other minerals related to radionuclides such as precious metals, rare earth minerals and polymetallic ore deposits [1] . In recent years, it has been increasingly applied in many aspects, such as lithologic geological mapping, groundwater resource search, radioactive environmental pollution monitoring, etc. [2] [3] .
The type and concentration of radionuclides reflected by the current spectral can be calculated through the energy-count information of the spectrum. Therefore, the AGS spectral analysis has been the focus and difficulty in this field. During the process of spectrum unfolding, the background subtraction of the whole spectrum is one of the most important steps [4] . The subsequent processes such as peak finding, peak area calculation and nuclide content inversion will be affected directly by the accuracy of background subtraction.
The background of gamma spectrum mainly comes from the Compton scattering effect and the small angle scattering of gamma ray in sensitive volume of detector as well as useless counting caused by other interfering factors in the energy range of gamma spectrum [5] . Due to a series of interactions such as photoelectric effect, the Compton scattering and electron-pair effect, when gamma rays interact with materials, they scatter with peripheral scattering and detector itself, resulting in scattering photons and recoil electrons with lower energy [6] . When the scattered photons are detected by the detector or the scattered photons escape from the detector, the Compton platform will appear in the output gamma spectrum [7] . In addition, some external environmental factors, such as radionuclides in the environment, noise caused by electronic instruments, cosmic rays, electromagnetic interference and so on, will produce environmental background in the energy spectrum [8] [9] . And the internal cause of the radioactive source will lead to the emergence of radioactive background, because in the radioactive source, in addition to the nuclides to be tested, there are plenty of other independent nuclides, and if these nuclides are also radioactive, there will be counter interference [10] . In the process of the analysis of gamma spectra, the scattering background increases the complexity of gamma spectra, making some weak omnipotent peaks difficult to be identified, thus reducing the accuracy of energy spectra analysis data [11] . In the process of gamma ray measurement, background subtraction is an inevitable problem to improve the measurement accuracy of energy spectrometer. In order to improve the accuracy of radionuclide content and activity analysis, it is necessary to effectively identify and deduct the count independent of the total peak area [12] .
Material and Method

SNIP and the Improved Algorithms
A large amount of methods which include the sensitive nonlinear iterative peak (SNIP) and its related derivative methods [13] [14] [15] [16] , the Fourier transform [17] [18] , peak clipping [19] , iterative method [20] have been proposed for background subtraction. The simplest method is the linear method. The basic theory is to connect two wave trough of the energy characteristic peak by a straight line, which is regarded as the baseline, and the part below the baseline is the background. However, this method will take the effective count as the background, which has a large relative error and is only applicable to rough estimation.
At present, SNIP algorithm is considered as one of the best background subtraction algorithms. In 1988, C.G. Ryan first put forward the principle of SNIP algorithm to subtract the background of energy spectrum. However, the SNIP algorithm is greatly affected by the width parameter of peak area in terms of detail description [13] . Later in 1997, Morhac et al. improved the SNIP algorithm under the weak peak by applying the LLS operator (twice log operators plus square-root operator), and transformed the energy spectrum count of each address before applying the SNIP algorithm [14] . In 2009, Morhac replaced the functions in the original SNIP algorithm with high-order filtering function to alleviate the background subtraction error caused by fixing the same window width when the original SNIP algorithm was applied in different energy areas, to obtain a more accurate background subtraction effect [15] . In 2012, YiMing Wang adjusted the SNIP filter window width adaptively by virtue of FWHM scale to further solve the influence of fixed window width. [16] In 2019, Li et al. gave an accurate evaluation of the evolution of SNIP algorithm and proposed a new improving direction. They pointed out that the improved algorithm based on SNIP could avoid large errors in the high-energy window and low-energy window of the peak in the process of subtracting the background due to changing the width. While in the SNIP step, perhaps the idea of an iterative optimization can be taken.
The SNIP algorithm has three steps. Firstly, the address count of each energy spectrum needs to be transformed by the LLS operator (Formula 1). By natural logarithm operation, the counting range is compressed, the high counting spectral line is calculated, and the weak peak information can be extracted by square root operation.
Where, i represents the trace address, y(i) represents the count of I trace address, and V(i) represents the transformation value of LLS operator.
Secondly, by means of iteration, V 1 (i), V 2 (i), …, V m (i). Assuming that the iteration reaches p times, the smaller value of the current V p-1 (i), V p-1 (i+p) and V p-1 (i-p) is taken as the value of the next iteration by comparing the average value of the current V p-1 (i), V p-1 (i+p) and V p-1 (i-p).
Where, p represents the p-th iteration, and V p (i) represents the transformation value of the p-th iteration.
Finally, through the inverse LLS transformation (see formula 3), the spectral data can be deducted and subtracted from the original spectral data to obtain the net peak count spectrum of the whole gamma spectrum.
The idea of rectangle formula is used in the second iteration of the SNIP algorithm. Although the calculation is simple and the method is reliable, the convergence speed is too slow. In this paper, the SNIP iteration in the second step is replaced by the Simpson formula. Due to the higher algebraic accuracy of the Simpson formula, the calculation results are more accurate than the SNIP iteration. In the iterative process, the step size is set as the unit distance, and the value converted by LLS is the corresponding function value. The formula is obtained as follows:
Experiment Data
In this paper, the measured data is from the XPG-3000A aribonre gamma-ray spectrum exploration system. The system uses two boxes and each box consists of two 40*10*5 (cm) array-type NaI crystal detectors. The energy resolution of the single crystal was less than 8.0% at 0.661MeV of 137 Cs, and the energy spectrum peak drift (2.62MeV of 208 Tl) is less than 0.5 channel. Maximum energy range is 1-10MeV, upper limit count is 200K/ SEC, max count is 2 64 per channel.
The XPG-3000A system was applied to test the response of 137 Cs exemption artificial nuclide source. The activity of 137 Cs source is 9795 Bq. To obtain a better reflection of the characteristic gamma information, the detector is used to measure it at close range (the radar altitude is 0m). Due to the array structure of scintillation detector, the electron deposition situation of gamma ray and material reaction in the detector is not the same, so different detection point position analysis is adopted. The time of each experimental measurement is 180s, and the total number of measurements is 20 times.
Result and Discussion
In 1997, two coefficients: single-peak net peak count retention rate r and background subtraction rate t were proposed by Morhac to evaluate the background subtraction effect of the algorithm.
Where, PNC is the net peak count after background subtraction, PNC 0 is the net peak count without background subtraction, and PTC is the total peak count after background subtraction.
The characteristic airborne gamma spectrum data of 137 Cs radionuclides are used in this paper, and the corresponding energy of the characteristic peak is 0.661MeV, which is converted into the 395th channel. The m value is generally determined by following formula:
Where, W represents the width of the filter window, namely the width of transformation, and m is the number of SNIP iterations. The m value calculated by the formula will not cause the variation of the spectrum peak, and the best spectrum peak background subtraction effect can be obtained.
In order to verify the background subtraction effect of the improved algorithm and the original SNIP algorithm, we randomly selected 5 different measured spectrums, and selected spectrum peak range is 355-433. The background subtraction methods are implemented respectively. The subtraction process is shown in figure 1 and the results of the subtraction effect are shown in table 1. As shown in the table, in terms of the background subtraction effect, the r of the improved SNIP algorithm ranges from 99.73% to 99.91%, and that of the original SNIP algorithm ranges from 98.89% to 99.98%, with an average value of 99.82% and 98.70%, respectively. The t of the improved SNIP algorithm ranges from 98.89% to 99.98%, and that of the original SNIP algorithm ranges from 95.77% to 99.90%, with an average value of 99.50% and 97.64%, respectively. Through comparison, it is proved that the improved SNIP algorithm has slightly improved the net counting retention and background subtraction of single peak compared with the original SNIP algorithm, but the evaluation coefficients r and t of the two methods are both over 95%, with high enough precision.
The most significant advantage of the SNIP algorithm is its simplicity and rapidity, so it is necessary to evaluate the working efficiency of the improved SNIP algorithm. We recorded the number of iterations of these two algorithms. The optimal iteration number of the original SNIP algorithm are 12 times, while the optimal iteration number of the improved SNIP algorithm based on Newton iteration are only 9 times, which is 3 times less than the original SNIP algorithm and a certain improvement. The running time of the two algorithms was further evaluated by the tic-toc timing method. As shown in Figure 2 , the running time of the improved SNIP algorithm is 53.08ms, while that of the original SNIP algorithm is 54.83ms. It can be seen from the comparison that the operating efficiency of the improved SNIP algorithm is 3.19% higher than that of the original SNIP algorithm, but both of them still have high computing speeds. 
Conclusion
In this paper, the SNIP algorithm is modified by replacing the SNIP iterative formula with the Simpson formula, and applied to the spectral background subtraction of airborne gamma detection instruments. The results show that in practical application, the improved SNIP algorithm can not only save the advantages of the original algorithm in simplicity and efficiency, but also reduce the number of iterations and computing time, and it can subtract the background with a higher degree of accuracy, thus completing the preprocessing of gamma spectrum and providing a good foundation for the quantitative analysis of subsequent nuclides.
